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ABSTRACT : 

PROBLEM TO BE SOLVED: To form a thin gate insulating 
film without causing 
increase of a fixed charge density. 

SOLUTION: A thin Si02 film 2 and an amorphous silicon 
thin film 3 are 

sequentially formed on a silicon substrate 1, and then 
subjected to heat 

treatment in an atmosphere containing NO as a nitriding 
species to form an oxy 
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nitride film 4A containing nitrogen at an interface between 
the films 2 and 3 

with use of the film 3 forming an interface with the film 2 
as a silicon supply 

source. Thereafter, unwanted SiON film 4' formed on the 
film 3 during the heat 
treatment is removed. 
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S i ONffi4£W-rSMOSFET£gSK3gg-CS4 

[ o o 7 1 ] *9mmj®mT?>£ oizm*$m 

[0 0 7 2] Oi0> 05 (a) fc^-tiolw, y'j3 
y«eclWM^S?«2^?FMU^s 05 (b) t 
75-TJ: ±feiMKK2±WP8 5 0 nm||«^ 

•3 3 Fffltt<OfH»t V ^*S6 fc I X s >- 'J 3 y» jg£fl 

[007 3] ;*l4»0*»ft5/U3>1lll4fctt 
*MWt S' U 3 y»K±fcJ?S 1 0 n mglK««^ 

05 (c) tSr?-J:-5tc, ^yay^lRlSr-K-fl: 
a?!! (NO) &^tf#ffl^T'WItT. *fe*^U 
3>«K3i:lMUl2t<0lBIt3r^'>^ FJR4 
AZB&LX, ®im2t£bitX<kfrtlXSiON 

mscommuis i onbw amtLZtii. &tc.% 

j« t , mmtmmiz ^xz. <nmx-\t 
m^yv^ymmiz^h^x^t. zntzomwm 

&fM». ^9*ALJ;5fc1-sa**&£*>*tt*»& 
[0074] iRt05 ( d ) l,Zvk?£ o fc, fUSA^ 



7) «flH2000-49159 

1 2 

nv^M3±c7)S i ONI&4' S:«ilf«»|{W<W?SSr 

flL y-hTOt^ri^pietSl^trlHSA^yav (p 

0 J y-S i ) R5*W;tt*CVDife«:fflVvt£|ijteifS 
St*, fit. *ttfttt, -f^yaAffi^riftioT^ 
*>BWC*Al/Ct>Av\ 

[0075] iofiL r--yw= «k ±ET»«i*« 

[0076] &fc05 ( e ) fcjjrfj: p fc. $HAS/U 

M*acr>7 * hvvfyy j tsxt/z.vi-yiyzm^X'* 
s. 

[0077] ^2 "3«»o^rffit:fl!-oTy-x 
20 OSFETTtts a*»AI^)ttffi'C*>*^teft>'y3 

vaR3 eaaatsi t tcj: ^raiAStis assist 

[0078] i<o*^(c s Wi£JEft:<iaH(tflrt-«fc» 

fc. is<jziym5 ±.izimizcomw% . mm? 
30 [ o o 7 9 ] tUs z iit><vmwmmvimm&A* n 

a**&^» B B B ^y n ynomf twuxrn ^ b 

SScfflWiH t AS ft&v ^ fc J4 N O £ ffl ofc* 

40 [0080] Sit. 01 0fcNO*fflV^*^)S i O 
NUifi^-COaS (Nitrogen),!! (Oxy 
gen) (DUZIifa (Depth) Offijg ( C o n c e 
n t r at i o n ) 7077^1/?;*^. SfCs 01 

1 NH 3 Srfflv^*B^>rai»wiMt7 , n 7 r -f ;Ut^ 
L7t. S^C. 01 2, 01 3tcli*ivefiNO. NHs 

kfciOBSIWtf-^ttiKyj/Uay (Poiy-s 
i ) i:S i ONt«0#fflt:J>«.C0C*ft, ^*&T'tiS 
50 iONi^y3ya«<sub) £<9ffi|6] 
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[0081]^ NHs fcfflV vfcStefctt. 
*ISAJBaiiitNO(io«^J: 0 fcffoStfJWBjWBJSS 

fflv^k^tn-ft*. 

[0 0 82] *5ttBBJBTtt, MOSFETJf 

fc£ B B B o j/u 3 ya« i oba «n h 7 y ^ 

(TFT : Th i n Film Transisto 

r ) ft t'<o j: a t^efty y 3 ymmTZB&Lz t, 

t0083]^fc, **IMflltti. SfeSftfcJ:oT« 
«E«lii*iSlttftifctJ:->-CKflai2t»*tfc* t s 
®®OCVD?£. PECVDiKrif<OttSffifcJ:-jTK 

[ 0 0 8 4 ] t , ±KN o ss^Hm+T-oMsaa 

fcftn. But?. KftR2a#jfttt. **Ki/y3>w 

flt 3 a . a-fbS k t T N O $■ ^trUH^+T 

lfcIWI«2fc^lIffcS*^A3*iSe>'C. K-fbK 
2 0HB (K^2<D>-y 3yg»OSIW) fct S i 

[0 0 8 5] Ura*-»T. £0&, SM2_Bc#H,lt 

Off Hfc A 2 k 'J a Vfflt 3 p fc SHtJ? 

2i:«WfiK»t*<*trSiON|lt»*CS4. 
[0 0 86] £4)J:3£L/r$Jft3Ji&S i ONJgttif- 

*>±tks*#£ < uzmmm&^m^x v >* 
ot\ o*memiTRQU:s 1 0N/g4(cit^ 

[0087] ZcDtzbb. ±lfiS i ONf&t flitf V-y 
*/Wfc»K*) J: a fc*?Oii#*- H ( M 

[0088] («2098l»JBl) H7tt, *JM*0»2 

onsfem«* m o s f e Tnm&fm^-txm 

ffilT'ftS. ftfes H7-C. 0l*fcttEl5fc*tJ61-* 
gB^tctili]— ^-^-^WLT^ 0 . Ba&Bl'JIU**'** 

[0089] ^msem^mmt . ^ 1 commmco? 
-hw&mjsv>m2mat*)m-zbiz£'>z, 2m 

®14>3Qt#JB«O05 (d) OlglaRWC. 07 
(a) izmXolz. *isa<o*Bft^y3yR5± 

fcSfS20BHIJ!2 2£ffM-f*. 
[0090] £<0IHI«2 2tf*JfeSp8;li*tf>-R0Bfl: 
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1 4 

f£20**ik|SHreft>X *Bft^'J3yl«5w*iif& 

CVDWm<rimBmi l z£-3Z&f8.LXb&\,\ 
[009 1 ] mzWH ( b ) IZ^-fXolZ, KftH2 2 
1 0 nmfi**fctt*WaTflS2<^HWj«' 
3 yfm 3 a 2 . &K07 ( c ) lZ7fit3 

d t . 5/ y 3 yiK 1 1 (o^ufisiBk raawc-iwt: 

a* (NO) ££tfSB&+T1&S!yiU:, ^MW^U 
3yS)i3 a 2 tmMLLX&M&V 3 y»K3 p 2 

10 izm * k k tic, i»ut2 2 * y- MB&iat&KRk 

LT03520S iONg|4 2(c£;i£. iOk£, 
fl<> IJ 3 >im 3 P 2 OJ&ffiWi S i O N®|4 ' 

[0092] £.0)3.0 HZVXm&tdZS i ONJ&4 2 
, ££§#1, >- U 3 ySBS 3 p 2 fl«lO^E3fl##fl!lOg|? 
4h !Rf^liigO^*S B 3 B ^y3y^5i!|0«®i5^J: 

9t>H*«*#K<$r*. s i on$i4 2o 
anjfc^S'-Mb^^AfcfcoTfcD, sio 

N«4<0*iSJ4H3Ri«*H^'tHRV^S i ONJBI (UMt 
20 R2*»fc4fcfcfc0» kft-j-CV^*. *«W*tts ±12 

m comMBmco%& t nmx-h i . 

[0093] #£117 ( d ) KjfrfJ: 0 m&isV 
3 yjf JH 3 p 2 cO^ffitJBKStlfc S i O NH4 ' 

IHSft^y3V»ll83p2±(c2JBBOlHS 

B 3 H i-y3y)S5 2^««-i>. 

[0094] &KI27 ( e ) fc^^-J: o (C. fltty'ij 
3yR5 2. «|*^y3>HI»3p2. SiON)l4 
2, £« B V>y3>$|5. ^ B B B ^y3yf?M3pfcj: 
i ONJi4£Jitfno:7* hU V^97 -ffc^VXv 
30 -?>7't:ft^X^?-->7'lX , MOSFEW- 

[0095] ftf^lc. [S]0 ( e ) l^Tirf A 5 te, ^ttO 
T y-XitUtl 6 ti J: K M yfafflS 7 S 

iafi^wtffMLTMosFET^'^-ri.. *n*s 
m-c^^L^2fiy*-h«jioy-MSffi 
hmii. y-h«sa»e««, »2y-h««) it. m 

Hi EE P ROMO h ^*;W8»ilklwy- NUSk 

40 l^^tfflV^|,kAV^. 

[0096] 4fe, *SUWBII|-Ctt, ffi 1 fectl>'^20 
S i ON14 . 4 2»«*lC*«WtaWLfc*»» *1 
OS i ON«4tt«**?fe(Cj:-jT»lftUs ^20S i 
0 NIK4 2 itf »tt*»^*»H «> ftV •> L . ft * V^i 
»;S10S i 0NJK4O^K*56BflS:StffltTt^ 
tftfcfe, Hl»J:W«l2««flaMb4, 4 2{i- 

itxmmvmx-fim (mm) mR+tu$&\,\ 
i o o 9 7 ] ttz. ^mmmxu. 2my- hmm^ 
50 ?- hmmcowrniz^xmw lhv. m 1 ontiM 
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coy- h £ 3 maim o mt £ t £ «k 

ixmmmn-wmfc ix t an. 

[0098] (£3ff>£it$JB) H8tt, *»!B<0iS3 

mx-hh. 

[0 0 9 9] ff, 18(a) iZ^ftX^lZ, ^rvr-i 
rmw.1 l±tc#ISAO^Urjy|Rl 2 

MI?*, SOS (Si 1 icon On Sapp 10 
h i re) ffl&mfcth. 

[0100]&KH8 (b) tcjjrfj^fc. »l<0Hit 
JBWCWH LfcfiflSH fc bt N 0 £ £t?«B^*T'<D& 

4 7MK1 lty'Jayll 2tmm. *JJ:^U3 
y«l 2<7>mmz**i<' J f4 h7A PR4A&tfS i O 
NR4' fcWFWBfrrs. 

[010 1] ffcftt. H8 (c) fc^fjta^, xU3 
yRl 2«MlffcyWRS;flfcS i ONR4 ' £&fc£-fft 
<I£:fcJ:-?T\ "9" 7 7 4 7/ S i ON (^^i^-f-i Yy 20 
4 K) /y'Jn yff j£o¥&tt*£#§§Efc-r ft . 

am* ^ y a y« 1 2 tjBM- 5 . 
[ 0 1 0 2 ] ± 0 izy- htmm 0 i*bkm 

tc« L"C t , 4 *=*fW36«5^ U 3 yiOTT&v^Ri: 

VWSSOSfflRfcajfctebTyynyRl 20)Tfc 
:**y7W Y*jA KR4A*#jSLJt**s yy3yRo 
SffiiTRcS i (^Rfcfl-frftvvbipftSO igSfcffi 
%fcLT. ^'jayjRtjgMtlRfcOffiiit^^-f h 
74m&Bf%?&Zbi>T*h. 30 

[ 0 1 0 3 ] y- mmm* 0 <>jpv>«otetas 

coWt LTIi. ¥gtt£«-&Kteffl$ftftlia*&*IR 

ft. ioidfcLTSisB^t2Kafc««o*s*a 

FR£«a*^<^R«fcLT*ilJIH-6£k** 
[0104] J; «J , W£tf¥**Sa«Offiffl#H 40 

*wxo*## s «iaieaa»*^tT3R?««fc:aiw-« l 
^ftj^te&ft. 

[0105] (R40%*fe»JB) H9l±, *m&K4 
<n%m%mz\%h M O S F E TW- b t&ttRa$J&# 

[0106] ^S6J$B<0#8Mi, y'Jn ycOft^jg-C 
h ft y U 3 yR£ t -C@«fcffi££ Mt ft £ 

fcfc&ft. £"f, 129 (a) iZTjk-tX 0 tc, yynyg 
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o. 5nmws.cr>m>xm^^A^)^ynm^' 

[0107] i5ctH9 ( b ) iZm-Ti 3 fcBft»fc LT 
N O Sr-^tf #Hm4" T' . #JMt 5" 'J 3 yjf R 3a' f)y 
yayjftTftfimS^i^frTt-jT. W3>W6Ll 
*mmhXS i ONR4£»Jfct*. 

[ 0 1 0 8 ] O N ££t?#^4>T<9?B!yifi9i§£Ji. 

yyrjy#(9>-?< OfcJiWSixSitti-aTS i on 

a^jfcSftft. !RS«S1+C»fig8flft S iONJi 

[0109] Ltztf^X . INM$"U 3y&R3 a ' CO 
y y a y#TJt?l»$ ftft&#T' to-c, y U 3 yfflR 

awtawv^ (yy3ya«i t<o^B) wia 

t&ft. 

[0 1103 <r*J, ^«yy3y»R3a' coy'J3 
y*n-.Sffl»$nft^frJ: 0 «>ftv«Wlc*fc-»-CJJB 

j»jpi*fTi.tf, fsffi<9yy3yiiiB®3*t$<iycv> 

5«t, NO^tt^t-fftSSJiS i ONR4§:^* 
lts i o nr4 t y y 3 y«« 1 1 OlStffitCV^Tt o . 
^O-ftfflKi.tf^y-M PRjWBiftSfi*. z\<?) 
i o tz LX , Ift^S^ 1 IUff o CfttfHB* J: WWBt 
fc^-C^jgS* J «v^S i ONR4Sr^-tft£t* { r 
£ft. 

[oin] £<oa, ffltt<o*ffi^->T#*sft>'y3 
yy-h«s. v-xmm. ns.wv4vmmi 

^tTMOSFET^^fi&tft. *^SS^®<7) 
ffiJ6Tff^#&f|yy3ySR3a' JjgufcSiON 

R4 <0Jg«*i£mfe<0iaBBflSt: t JlfflTS ft . 
[ 0 1 1 2 ] #SWRi. ±IESai9^»fc:|SjgSn 

it<oxa^\ mm. lummrnxumikco^ 

[0 113] 

-fbfflfctTNO, N2 0 s NH3£J8V\ yij3y<0M 

asfc Lt^*, y y 3 yaj;tflR***trttiiMsafctt 
s*2:^tf y y 3 yg^LMfc oftmzmz y y 3 yR 

»j«tftik*<T*4, am. ^vzynxiMmzs 

[Hffi£7)®#»J] 

[01] *»BBW» 1 ^HWHBCillt M OS FETO 
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[02] miCDMOSbyyfXfCDy-hnm&^CD 

mm^mummmm-^ *y%mfi ( s i 
ms) miz£~)xm^&%*7rstm. 
[03] mmmmm-mizz-oxBfcUzMosm 

xmmm t com® £*tft\tm. 
[04] p^^-y^/i-muosFETimmmBmizx 

ff£>0#, fcltfp^y*/UMOSFET£$*?£fc 
J; oTffM LtztkV>m.mzmh L £ v ^ffi«JEcO^» 

[05] ^mnom i co^*i»®<?)^bm^# s m o s 

F E TOtSj&fr&^-f lg|frB0. 

[06] NO (6ft) . NHs (Hft) £ffl^TSWI 
ifi-ofzWr&cOtfV i/V ay (Poly-Si) 
S«K t^'Jy'Jn ymm t ARffi Sr^ LfcBTCfc & . 

[07] *SKHtf>j|S 2 agftiBJBtcfli* mosfeto 

[08] *%B^«3^|yt^(cffi«¥4WgHS<0H 

[09 } *«IB»*4 0HMBM(Cfl(«MO S FETCD 

[010] NOSrfifldWfc LTfflv*fc%£tf>*»5l<9* 
]5t»BtC«6S i ONjR5fi«OfiBH»*^)«lS#fli** 
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18 

[011] NHsS-gfWJt LTJHV*fc*a*>*JMB*> 
[012] NOSg-fcMt LTfflV^T^**ffiT^L 

fcs i oNmwcomm. mmcom&ftm m u^m? 

[0 1 3 ] N H 3 SSftSflfc LTfflV^-C«**a-C»j£ 

u:s i 0NjRiaflw>a*, KsaauK#nr**L*:H 

10 

2. 2 2-j/yaviWb (s i o 2 ) m 
3-m^v^ym 

3 a, 3 a' , 3 a 

3 P . 3p2-#i B B B y'J3yil (SSiw^'jav 



4, 42-S i ONJi 
4* -S i ONIS 

6-v-xm.m 

1 1-^77*472 
1 2-yjnyl 



[01] 



[02] 



(a) 



(b) 



,i mm 



,3 poIy-Si© 

,2 
.1 



4' 



4A 



(c) 



4 Rffc 



(4) 




.axio^m/cm 2 



_L_ 



0.2 0.4 0.8 0.6 1 



6 V-ftitM 

(e) 



7 k i' -f ^jews 
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[071 



[05] 



(a) 



-2WUI 



-1 



4' raft 



(c) 2 



-3, poir«8W 
'4BftWt» 



-1 




( e) ^™jmmm^ 



>:MV-.-.-:.>.L5 



--1 



(a) 



(b) 




& mm 
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22WHU* 
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[010] 
NOEfc: *m 



[0111 



1.0 



0.8 



9 0.4 



0.2 



Poly Si SiON Sub. 


f\ 




t ! 

i ' 
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f 




i 

(A 
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If I 




\Vb / ; ? 
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0.8 1.0 
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NO£<t: ft** 



[013] 



1.0 



f 

I, 0.6 |f 

| 04 

0.2 



SiON 



Sub. 



- Nitrogen 
Oxygen 



_i_ 
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